Although percutaneous radio frequency ablation for hepatocellular carcinoma is a minimally invasive therapy, there are some complications reported; major complications include hemorrhage (0.477%), hepatic injuries (1.690%), and extrahepatic organ injuries (0.691%). We, for the first time, described a rare complication of delayed bronchobiliary fistula and cholangiolithiasis in common bile duct following radio frequency ablation and the salvage treatment in a patient with chronic hepatitis B virus infection. Surgeons should be aware of severe and rare complications before deciding the ablation area and when performing radio frequency ablation, and should be aware of the relevant salvage treatment.
Introduction
Hepatocellular carcinoma (HCC) is considered as the fifth most common cancer-related death and is estimated to cause half a million deaths per year; its incidence continues to increase.
1,2 Surgical resection is a major treatment for HCC while local ablation therapy, such as radio frequency ablation (RFA), is regarded as an alternative option. RFA was originally reserved for HCC that was unsuitable for surgical resection, but it is now proving its worth in small operable HCC as well, 3, 4 even in medium and large HCC. 5 It was reported that three-year and five-year survival rates of RFA for HCC were 33-45% 6, 7 and 33-55.4%, 8, 9 respectively. RFA for HCC is a minimally invasive therapy, which can be performed percutaneously, intraoperatively, or endoscopically under the guidance of ultrasonography (US) or computed tomography (CT). Although RFA is minimally invasive, there are some complications reported: according to a recent multicenter study in Japan, 10 of the complications of RFA for HCC, the mortality rate of RFA was 0.038%, the rate of complications was 3.54%, and the major complications include hemorrhage (0.477%), hepatic injuries (1.690%), and extrahepatic organ injuries (0.691%). To our knowledge, there were two reported cases of rare complication of bronchobiliary fistula within 30 days following RFA for HCC; however, no subsequent salvage treatment was reported. 11 Here, we, for the first time, report a case with rare complication of delayed bronchobiliary fistula and cholangiolithiasis about 16 months after RFA for HCC resulted from chronic hepatitis B virus (HBV) infection and propose the relevant salvage treatment.
Case presentation
Abdominal US examination of a 58-year-old Chinese man with chronic HBV infection showed a liver tumor in segment 8; the tumor was close to cavo-hepatic intersection and with a diameter of 4 cm, which was then identified as HCC by contrast-enhanced US (Figure 1(a) ). The tumor was subsequently confirmed by magnetic resonance imaging (MRI), which was shown to compress middle hepatic vein and the anterior branch of right portal vein (Figure 1(b) and (c)). The result of liver function test showed Child-pugh A, result of liver enzyme test showed alanine aminotransferase 64 U/L, the concentration of serum a-fetoprotein was 10.27 ng/mL, and serum HBV DNA load was 1.4e 4 IU/mL. The patient also had diabetes and was receiving insulin injection therapy.
The patient subsequently received percutaneous RFA under guidance of real-time sonography. The patient was on left lateral position, after general inhalation anesthesia; an internally cool-tip single electrode with a 200 -W generator (Cool-tip, Valleylab, MA, USA) was percutaneously and intercostally inserted into the bottom of the tumor under guidance of real-time sonography. The electrode was inserted for 12 times from different angles to cover and ablate the entire tumor, and each ablation following each insertion of electrode persisted for 12 min. Complete ablation was confirmed by subsequent contrastenhanced US (Figure 2) . The patient was then discharged uneventfully, and there was no evidence of residual or recurrence of tumor according to US and MRI imaging during follow-up.
The patient gradually presented a series symptoms of mild jaundice and fever 14 months after RFA, and was once misdiagnosed; however, the patient at last presented expectoration with biliary sputum, and delayed bronchobiliary fistula was diagnosed with evidence of CT imaging ( Figure 3) .
Percutaneous transhepatic cholangiography (PTC) and percutaneous transhepatic cholangial drainage (PTCD) were then performed. The result of PTC showed that there were filling defects ( Figure 4 ) in dilated common bile duct, which was considered as calculus and not confirmed by MRI and US imaging before RFA; the anterior right hepatic duct was damaged. After PTCD for one week, the patient received salvage right hemihepatectomy and lithotomy of common bile duct. There were no residual tumor foci or recurrent tumor foci according to the result of pathology of the right liver. The patient is uneventful till now during follow-up for 18 months after salvage operation.
Discussion and conclusion
It was reported that only 10-30% of the affected patients are suitable for hepatic resection or transplantation. 12, 13 RFA is now proving its worth in small operable HCC, 3, 4 there are current RFA indication of being a size of 3 cm or smaller and no more than three lesions 14, 15 ; however, there were some studies focusing on RFA for medium and large HCC. Khan et al. 16 concluded that for medium HCC between 3 cm and 5 cm, the surgical approach seems to achieve better overall survival and may be a preferred option, while Yin et al. ....................................................................................................................... reported that percutaneous thermal ablation was effective and safe in treating HCC between 3 cm and 7 cm, with acceptable local tumor control and long-term outcomes. Our patient with a 4-cm HCC achieved pathologically complete ablation following adequate times of ablation, which was in accordance with the conclusion of Yin et al.
Completeness of ablation remains a challenge for RFA, which is a major prognostic factor. We performed 12 continuous times of ablation in the current case for the sake of achieving complete ablation, which negatively resulted in subsequent biloma, delayed bronchobiliary fistula, and cholangiolithiasis. Complications of RFA for HCC include hemorrhage (0.477%), hepatic injuries (1.690%), and extrahepatic organ injuries (0.691%), 10 and bile duct injuries, including biloma, were usually found several months later; however, biloma is often considered to be of no clinical significance. The anterior right hepatic duct of our patient was damaged and destroyed during RFA, which was the main cause of biloma; the surrounding adjacent diaphragm was also injured by heat, which provided a route for the delayed bronchobiliary fistula. The most interesting point was cholangiolithiasis in common bile duct, which was not shown in US or MRI imaging before RFA. We speculated that the possible reason of cholangiolithiasis in common bile duct was the necrotic tissue produced by RFA flowing into the bile duct and accumulating in common bile duct. Pressure of biloma gradually increased because of cholangiolithiasis in common bile duct, and then delayed bronchobiliary fistula happened at last.
Releasing the obstruction of bile duct was the key point for our patient. After PTCD for one week in our patient, symptoms of jaundice, fever, and expectoration with biliary Figure 4 Percutaneous transhepatic cholangiography imaging. Common bile duct was dilated, the diameter was about 1.8 cm, there were filling defects (black arrow) in the common bile duct, which was considered as calculus; the anterior right hepatic duct was damaged Figure 2 Contrast-enhanced ultrasonography after RFA. Complete ablation was confirmed by contrast-enhanced ultrasonography immediately after RFA (white arrow). (A color version of this figure is available in the online journal.) sputum disappeared. Further salvage right hemihepatectomy and lithotomy of common bile duct were performed. There were no residual tumor foci or recurrent tumor foci according to the result of pathology of the right liver. The patient is uneventful till now during follow-up after the salvage operation.
Although RFA is considered to be effective and safe for HCC, and most complications of RFA are also regarded as minor and without clinical significance, some severe complications have been reported. Surgeons should be aware of the severe and rare complications before deciding the ablation area and when performing RFA. In conclusion, we reported a rare complication of delayed bronchobiliary fistula and cholangiolithiasis in common bile duct following RFA and the salvage treatment in a patient with chronic HBV infection. Surgeons should be aware of this kind of complication and the relevant salvage treatment.
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